Motivated by the very recent measurement of the branching ratio of B 0 d → J/ψη decay, we calculate the branching ratios of d → J/Ψη decay and can be tested by the forthcoming LHC experiments. The measurements of these decay channels may help us to understand the QCD dynamics in the corresponding energy scale, especially the reliability of pQCD approach to these kinds of B meson decays.
which is consistent with the currently available theoretical predictions [1, 2, 3] . Up to now, the theoretical calculations for the branching ratios of B d → J/Ψη (′) decays were obtained by using the heavy quark factorization approximation in Ref. [2] , or from the measured J/Ψπ 0 and J/ΨK 0 branching ratios [3, 4, 5] based on the assumption of the SU(3) flavor symmetry of strong interaction. In this paper, we will calculate the branching ratios of B (′) decays directly by employing the low energy effective Hamiltonian [6] and the perturbative QCD (pQCD) factorization approach [7, 8, 9] .
The paper is organized as follows: we present the formalism used in the calculation of B 0 d → J/ψη (′) decays in Sec. I. In Sec. II, we show the numerical results and compare them with the measured values. A short summery and some conclusions are also included in this section.
I. FORMALISM AND PERTURBATIVE CALCULATIONS
The pQCD approach has been developed earlier from the QCD hard-scattering approach [7] , and has been used frequently to calculate various B meson decay channels [7, 8, 9, 10] . For two body charmless hadronic B d,s → Mη (′) (here M stands for the pseudo-scalar or vector light mesons composed of the light quarks u, d, s) decays, the pQCD predictions generally agree well with the measured values [9, 10, 11] .
In Refs. [12, 13] , the authors calculated
decays and found that the pQCD approach works well for such decays. Here we try to apply the pQCD approach to calculate the B meson decays involving the heavier J/Ψ meson as one of the two final state mesons.
A. Formulism
In pQCD approach, the decay amplitude of B → J/ΨP (P = η, η (′) here) decay can bo written conceptually as the convolution,
where the term "Tr" denotes the trace over Dirac and color indices. C(t) is the Wilson coefficient which results from the radiative corrections at short distance. In the above convolution, C(t) includes the harder dynamics at larger scale than M B scale and describes the evolution of local 4-Fermi operators from m W (the
is the hard part and can be calculated perturbatively. The function Φ M is the wave function which describes hadronization of the quark and anti-quark to the meson M. While the function H depends on the process considered, the wave function Φ M is independent of the specific process.
Using the wave functions determined from other well measured processes, one can make quantitative predictions here. Using the light-cone coordinates the B meson and the two final state meson momenta can be written as 
(1, −r 2 , 0 T ). Putting the light (anti-) quark momenta in B, J/Ψ and η ( ′ ) mesons as k 1 , k 2 , and k 3 , respectively, we can choose
Then, for B → J/Ψη decay for example, the integration over k (5) where b i is the conjugate space coordinate of k iT , and t is the largest energy scale in function H(x i , b i , t). The large logarithms ln(m W /t) are included in the Wilson coefficients C(t). The large double logarithms (ln 2 x i ) on the longitudinal direction are summed by the threshold resummation [14] , and they lead to S t (x i ) which smears the end-point singularities on x i . The last term, e −S(t) , is the Sudakov form factor which suppresses the soft dynamics effectively [15] . Thus it makes the perturbative calculation of the hard part H applicable at intermediate scale, i.e., M B scale. We will calculate analytically the function H(x i , b i , t) for the considered decays in the first order in α s expansion and give the convoluted amplitudes in next section.
B.
The
The low energy effective Hamiltonian for decay modes
can be written as
with the four-fermion operators
where the Wilson coefficients C i (µ) (i = 1, 2), we will use the leading order (LO) expressions, although the next-to-leading order (NLO) results already exist in the literature [6] . This is the consistent way to cancel the explicit µ dependence in the theoretical formulae. For the renormalization group evolution of the Wilson coefficients from higher scale to lower scale, we use the formulae as given in Ref. [16] directly.
FIG. 1: Typical Feynman diagrams contributing to the Cabibbo-and color-suppressed
As for B meson wavefunction, we make use of the same parameterizations as used in the studies of different processes [16] . For vector J/ψ meson, in terms of the notation in Ref. [17] , we decompose the nonlocal matrix elements for the longitudinally and transversely polarized J/ψ mesons into
Here, Ψ L denote for the twist-2 distribution amplitudes, and Ψ t for the twist-3 distribution amplitudes. x represents the momentum fraction of the charm quark inside the charmonium.
The J/ψ meson asymptotic distribution amplitudes read as [18] 
It is easy to see that both the twist-2 and twist-3 DAs vanish at the end points due to the factor [x(1 − x)] 0.7 . From the effective Hamiltonian (6), the Feynman diagrams corresponding to the considered decay are shown in Fig.1 . With the meson wave functions and Sudakov factors, the hard amplitude is given as
where r 0 = m η 0 /m B ; C F = 4/3 is a color factor. The function h e , the scales t i e and the Sudakov factors S ab are displayed in Appendix A.
For the non-factorizable diagrams 1(c) and 1(d), all three meson wave functions are involved. The integration of b 3 can be performed using δ function δ(b 3 − b 1 ), leaving only integration of b 1 and b 2 . For the concerned operators, the corresponding decay amplitude is
where r c = m c /m B ,m c is the mass for c quark. 
For the η − η ′ system, there exist two popular mixing basis: the octet-singlet basis and the quark-flavor basis [19, 20] . Here we use the quark-flavor basis [19] and define
The physical states η and η ′ are related to η q and η s through a single mixing angle φ,
The three input parameters f q , f s and φ in the quark-flavor basis have been extracted from various related experiments [19, 20] 
where f π = 130 MeV. In the numerical calculations, we will use these mixing parameters as inputs. It worth of mentioning that the effects of possible gluonic component of η ′ meson will not considered here since it is small in size [10, 21, 22] . For B 0 d → J/Ψη decay, by combining the contributions from different diagrams, the total decay amplitude can be written as
where the relevant mixing parameter is F 1 (φ) = cos φ/ √ 2. It should be mentioned that the Wilson coefficients C i = C i (t) in Eq. (16) should be calculated at the appropriate scale t using equations as given in the Appendices of Ref. [16] . Here the scale t in the Wilson coefficients should be taken as the same scale appeared in the expressions of decay amplitudes in Eqs. (10) and (11). This is the way in pQCD approach to eliminate the scale dependence. In order to estimate the effect of higher order corrections, however, we introduce a scale factor a t = 1.0 ± 0.2 and vary the scale t max as described in Appendix A.
Similarly, the decay amplitudes for B 
II. NUMERICAL RESULTS AND DISCUSSIONS
In this section, we will calculate the branching ratios for those considered decay modes. The input parameters and the wave functions to be used are given in Appendix B. In numerical calculations, central values of input parameters will be used implicitly unless otherwise stated.
With the complete decay amplitudes, we can obtain the decay width for the considered decays,
By employing the quark-flavor scheme of η−η ′ system and using the mixing parameters as given in Eq. (15), one finds the branching ratios for the considered two decays with error bars as follows: +0.08 At the leading order, only the tree Feynman diagrams as shown in Fig. 1 contribute 
There exists no CP violation in these decays within the standard model, since there is only one kind of Cabibbo-Kabayashi-Muskawa (CKM) phase involved in the corresponding decay amplitudes, as can be seen from eq. (16) .
In short, we calculated the branching ratios of
′ decays at the leading order by using the pQCD factorization approach. Besides the usual factorizable diagrams, the non-factorizable spectator diagrams are also calculated analytically in the pQCD approach. By keeping the transverse momentum k T , the end-point singularity disappears in our calculation.
From our calculations and phenomenological analysis, we found the following results:
• Using the quark-flavor scheme, the pQCD predictions for the branching ratios are
where the various errors as specified previously have been added in quadrature.
• The major theoretical errors of the pQCD predictions are induced by the uncertainties of the hard energy scale t i 's and the parameters ω b .
where J 0 is the Bessel function, K 0 and I 0 are the modified Bessel functions with
, and F (j) 's are defined by
The threshold resummation form factor S t (x i ) is adopted from Ref.
[17]
where the parameter c = 0.3. This function is normalized to unity. The Sudakov factors used in the text are defined as
where the function s(q, b) are defined in the Appendix A of Ref. [16] . The scale t i 's in the above equations are chosen as 
For the CKM matrix elements, here we adopt the Wolfenstein parametrization for the CKM matrix, and take λ = 0.2272, A = 0.818, ρ = 0.221 and η = 0.340 [4] .
For the B meson wave function, we adopt the model
where ω b is a free parameter and we take ω b = 0.40 ± 0.05 GeV in numerical calculations, and N B = 91.745 is the normalization factor for ω b = 0.40 for the B meson. The wave function for dd components of η (′) meson is given by
where p and x are the momentum and the momentum fraction of η dd respectively, while φ
represent the axial vector, pseudoscalar and tensor components of the wave function respectively. We here assume that the wave function of η dd is same as the π wave function based on SU(3) flavor symmetry. The parameter ζ is either +1 or −1 depending on the assignment of the momentum fraction x.
The explicit expression of chiral enhancement scale m 
and numerically m q 0 = 1.07MeV for m η = 547.5 MeV, m η ′ = 957.8 MeV, f q = 1.07f π , f s = 1.34f π and φ = 39.3
• . For the distribution amplitude φ 
